Background: the dramatic shift in the global population demographic has led to increasing numbers of older people undergoing hospitalisation and surgical procedures. Objectives: to determine whether hospitalisation or hospitalisation with surgery under general anaesthesia is associated with poorer cognitive performance in adults over the age of 50. Methods: cognitive function in the domains of global cognition, memory and executive function was assessed in 8,023 individuals at waves 1 and 2 of The Irish Longitudinal Study on Ageing (TILDA), 2 years apart. Mixed-effects models were used to investigate the hypothesis after adjustment for risk factors for cognitive decline and potential confounders. Results: during the 12 months preceding wave 1, 472 participants were hospitalised (mean age 67.0, 54.9% female) and a further 560 participants (mean age 64.6, 52.1% female) were hospitalised and underwent surgery with general anaesthesia; 6,938 (mean age 63.5, 54.5% female) were not hospitalised. There was a 14% higher error rate (IRR[95% CI] = 1.14[1.06, 
Introduction
The dramatic shift in the global population demographic will continue to present new challenges with increasing emergency admission rates in older people [1] and progressively older patients undergoing surgery [2] . The association between cognitive decline and advancing age is well recognised [3] , however, the impact of hospitalisation and of surgery in this complex patient group is less clear. Emerging evidence suggests that cognitive function declines following hospitalisation in observational studies [4, 5] .
Improved survival rates from critical illness have resulted in significant long-term morbidity such as impaired function, reduced quality of life and increased neuropsychological symptoms including cognitive impairment [6] [7] [8] . However, the underlying mechanisms remain poorly understood.
It is widely recognised that patients who undergo surgery with general anaesthesia (GA) may experience cognitive changes in the postoperative period [9, 10] and some never return to baseline cognitive function [11] . In a series of studies [12] [13] [14] up to 25% of older patients undergoing non-cardiac surgery had significant cognitive deterioration at 1 week post-op, 10% at 3 months and 1% at 1 year [15] . Two population-based case-control studies found that there was an increased risk of dementia following exposure to cardiac and non-cardiac surgery and anaesthesia, with evidence of a dose-response relationship and shorter duration to dementia diagnosis [16, 17] .
The Irish Longitudinal Study on Ageing (TILDA) is a population-representative longitudinal cohort study and provides sufficient data to robustly investigate the relationship between hospitalisation and subsequent cognitive performance. Using TILDA data, the purpose of our study was to assess whether hospitalisation and hospitalisation with surgery and general anaesthesia is associated with poorer cognitive performance in patients over the age of 50 relative to those not undergoing hospitalisation.
Methods

Study design
Data from the first two waves of TILDA were analysed. TILDA is a longitudinal population-representative cohort study of community-dwelling adults aged 50 and older in Ireland. Wave 1 took place between 2009 and 2011 and wave 2 in 2012. 8,175 individuals aged 50 and older took part in wave 1, after exclusions 8,106 participants were eligible for our analysis at wave 1 and after attrition 6,938 participants were eligible for analysis at wave 2 ( Figure 1 ). Full details of the study design and sampling procedure are available elsewhere [18] [19] [20] (Supplementary methodology, available at Age and Ageing online).
Hospitalisation and surgery
At each wave, participants were asked about hospitalisations and details of surgery with anaesthesia occurring in the previous 12 months (Appendix 1, available at Age and Ageing online). Any reported hospitalisation and any reported hospitalisation with surgery and full anaesthetic were labelled as belonging to either the 'hospitalised', 'surgery', or 'control' group (no hospitalisation), and this could vary between waves for a given individual.
Cognitive outcomes
Cognition was assessed at wave 1 and at wave 2, on average 2 years later. The measures included in both waves were a global assessment of memory using the MMSE, word recall tasksimmediate recall and delayed recall, two prospective memory tests, an executive function test-a verbal fluency test, and a subjective memory test and are described in Appendix 2, available at Age and Ageing online [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . The MMSE was administered at wave 1 in the health assessment and at wave 2 in the Computer Assisted Personal Interview (CAPI) (Supplementary Methodology, available at Age and Ageing online). Therefore, participants who did not undergo a health assessment at wave 1 are missing MMSE outcome data for wave 1 (n = 2,264) ( Figure 1 ). All other cognitive tests were administered as part of the CAPI at both waves.
Covariates
Covariates selected for adjustment at wave 1 and 2 were recognised risk factors for cognitive impairment, or variables known to impact upon cognitive performance [35] [36] [37] [38] [39] . Information on age, sex, educational attainment, health behaviours including smoking status, exercise status using the short International Physical Activity Questionnaire (IPAQshort), a doctor diagnosis of chronic substance abuse including alcohol or drug abuse, doctor-diagnosed medical conditions, and medication usage was gathered at both wave 1 and wave 2. Doctordiagnosed medical conditions included hypertension, angina, myocardial infarction, heart failure, arrhythmia, structural heart disease, hypercholesterolaemia, diabetes, stroke, transient ischaemic attack, chronic lung disease and Parkinson's disease. History of open heart surgery was also attained at both waves due to its link with postoperative cognitive dysfunction (POCD) [40] . Selfreported medication use was recorded and confirmed by crosschecking with medication labels. Medications were classified according to the Anatomical Therapeutic Classification (ATC) (http://www.whocc.no/atc_ddd_index/). Antidepressant medication ('N06A') use represents a surrogate marker for depression as this is known to impact upon cognitive performance [41] , and may influence propensity for hospitalisation.
Exclusion criteria
Doctor's diagnosis of dementia, serious memory impairment or were taking an anti-dementia medication ('N06D') at wave 1 were excluded from the analysis (N = 69).
Statistical analysis
Firstly descriptive analysis was conducted to characterise the sample and to identify differences between groups (Table 1) . Secondly an omnibus test was performed to assess differences in cognitive outcomes across groups in the fully adjusted mixed effects models. Thirdly mixed-effects models were fitted for which the family-wise type 1 error rate was set to 0.05 using P values adjusted by Hochberg procedure [42] for cognitive variables within the same domain.
A single adjusted mixed-effects model was fitted for each cognitive outcome. Mixed-effects poisson regression, linear regression, logistic regression and ordered logistic regression models were used depending on the cognitive outcome variable.
The variables entered as predictors in all models were hospitalisation, and surgery and general anaesthesia within the previous 12 months before wave 1 and wave 2, and adjusted for covariates at wave 1 and wave 2 as defined previously. All independent variables (including the exposure variable) were included as time-varying apart from sex and education attainment. This meant that a participant's cognitive outcomes at wave 1 were modelled as functions of their exposure in the preceding 12 Figure 1 presents the numbers of individuals eligible at each stage of the study at wave 1 and wave 2 and provides reasons for non-participation or for not being analysed due to missing data. The total number of complete cases for analysis of MMSE was 5,755 at wave 1 and 6,751 at wave 2. The total Missing outcomes n = 118 -MMSE (n = 57) -immediate recall (n = 62) -delayed recall (n = 67) -verbal fluency (n = 60) -prospective memory (n = 106) -subjective memory (n = 65)
Results
Study sample
Observed on all cognitive variables including MMSE n = 5,806* Observed on all cognitive variables excluding MMSE n = 8,053 Table S1 Table S2 Table 1 Figure 1. Flowchart.
number of complete cases for analysis of other cognitive variables was 7,970 at wave 1 and 6,751 at wave 2 ( Figure 1 ). Ignoring the MMSE variable, a total of 7,970 participants had complete data for at least one wave, and 6,657 participants had complete data for both waves. Further details in Figure 1 list the number of eligible participants with missing data on relevant variables. Characteristics of the eligible sample at wave 1 prior to exclusions for missing data (N = 8,103) are presented in Supplementary Table S1 , available at Age and Ageing online by exposure preceding wave 1. Reasons for attrition (N = 1,168) between wave 1 and 2 are presented in supplementary Table S2 , available at Age and Ageing online, broken-down by exposure preceding wave 1. Mortality was considerably higher in the hospitalised group compared to the surgery group and the control group (7.8% versus 3.2% versus 2.1%, respectively).
Characteristics of the sample
Characteristics of complete cases for analysis at wave 1 are presented in Table 1 . Participants in the hospitalisation group were older (mean [SD] = 67.0[10.1]) than the surgery group (64.6 [9.5] ) and the reference group, no hospitalisation(63.5 [9.7] ). Cases within the hospitalisation group had lower educational attainment levels than the surgery group, and the reference group. Individuals within the hospitalisation group had poorer health behaviours than the surgery group, and the reference group as evidenced by higher levels of former and current smokers, lower activity levels measured with the IPAQ, higher BMI's and higher levels of substance abuse. The hospitalisation group were also less healthy than the surgery group and the reference group, with higher levels of multi-morbidity. The notable exception to this was a higher percentage of cancer diagnosis in the surgery group versus the hospitalisation and reference group.
Details of hospitalisation and surgery
During the 12 months preceding wave 1, 472(5.9%) participants were hospitalised and 560(7.0%) participants underwent surgery with general anaesthesia; 6,938(87.1%) were not hospitalised. A total of 445(6.6%) participants were hospitalised, 479(7.1%) underwent surgery with general anaesthesia, and 5,827 (86.3%) were not hospitalised within the 12 months preceding wave 2. It is also important to note that there is a reasonable correlation between hospitalisation preceding wave 1 and hospitalisation preceding wave 2 (S4).
The median (interquartile range(IQR)) length of stay was 5 [2, 10] days at wave 1 and 5 [2, 10] 
8%).
Multivariate analyses of the association between exposure to hospitalisation and hospitalisation with surgery and general anaesthetic
The association between hospitalisation with and without surgery, and poorer cognitive performance from adjusted mixedeffects regression models using the full analytic sample is presented in Table 2 .
Global cognition
There was evidence of a difference across the three groups through the omnibus test (Po/bus = 0.001); compared to the control group there was a 14% increased error rate in individuals hospitalised prior to wave 
Prospective memory
There was evidence of difference in prospective memory 1 scores across groups (Po/bus = 0.003) and difference in prospective memory 2 scores (Po/bus = 0.03). These differences consisted of increased error in the prospective memory 1, a time-based task, and prospective memory 2, an event-based task in the hospitalisation and surgery group compared with the control group 
Discussion
An association between hospitalisation, with and without surgery, and poorer cognitive performance in the domains of global cognition, retrospective/episodic memory and executive function was identified in a population-representative longitudinal cohort study of individuals over the age of 50. This was observed after full adjustment of all models and supports our hypothesis that hospitalisation is associated with poorer cognitive performance. Our findings add to the sparse literature to date in this important topic, the relationship between hospitalisation and cognition, and additionally look at the relationship between surgery with anaesthesia and cognitive function, in a large nationally representative sample. Whereas other studies have demonstrated an association between hospitalisation and cognitive decline [4, 5] , and surgery with general anaesthesia and cognitive decline [12, [15] [16] [17] , 44], we have an additional ability to combine both interventions in the same sample, and use objective and subjective cognitive tests, physical and mental health measures, and medication use at relatively short follow up periods every 2 years to investigate this relationship.
Strengths of our study include a population-representative sample inclusive of those with and without health insurance. Previous studies were unlikely to be population-representative as they used geographically defined populations only inclusive of members of a health maintenance organisation, were reliant on health insurance data or the national social insurance program [4, 5] . Other population-based studies were unable to adjust for educational level, behavioural health statussmoking and exercise, cardiovascular disease or Parkinson's disease, important confounders for cognitive impairment [16, 17] . Our study is also a community sample rather than a clinical sample. These study design features bolster the generalisability of our findings. Furthermore, our longitudinal study consists of cognitive testing within 12 months of the individual's hospitalisation in contrast to other studies with longer periods of follow up which introduce the possibility of additional mediating factors. The neurocognitive testing methods used in TILDA are validated, objective measures that assess all cognitive domains and have a novel subjective memory component previously unexplored in the literature. The sample size in TILDA has adequate statistical power across two waves of the study.
The main limitation of the study is the lack of data pertaining to the indication for hospitalisation, and the type of surgery and anaesthesia. This is due to the absence of national unique patient identifiers in Ireland which inhibits crosslinkage of data. The CAPI questionnaire asks if the patient has been admitted to hospital within the last 12 months, therefore variability in the timing of cognitive testing from the participant's discharge date may exist between individuals. The power to detect poorer cognitive performance may have been limited due to insufficient post-hospitalisation data as only two waves 2 years apart were available for analysis, a relatively short time period compared with other studies. Analysis of future waves in TILDA is required to investigate the relationship between hospitalisation and cognitive change. It is also important to recognise that survivors of hospitalisation and surgery included in the analysis at both waves may not represent all survivors as they are likely to be healthier and [65, 67, 68] and may play a role in our findings. The incidence of postoperative delirium varies widely from 10% in elective surgery to 30-65% after specific surgeries such as hip fracture surgery, cardiac and emergency surgery [69, 70] . Postoperative delirium can progress to postoperative cognitive dysfunction [10, 71] which may be reflected in our results.
It has been suggested that acute illness causes an abrupt loss of cognitive function rather than an increased rate of cognitive decline [4] . Participants may have experienced cognitive impairment due to the illness that led to their hospitalisation or as a consequence of the treatment they received [72] . In view of this, covariates selected for adjustment accounted for risk factors for cognitive impairment and the major causes of hospitalisation.
Currently, there are over 46 million people living with dementia worldwide and this is predicted to increase to 131.5 million by 2050 [73, 74] . Our study findings demonstrate the detrimental impact of hospitalisation on cognition. Better understanding of the underlying mechanisms responsible may lead to the identification of risk factors and novel research strategies in the prevention of cognitive impairment and dementia. Strategies to avoid hospitalisation with improved chronic disease management in the community, coupled with improved awareness and interventions for cognitive dysfunction may improve outcomes.
Key points
• First time a longitudinal population-representative study has demonstrated this relationship for both exposures.
• Increasing number of older people undergoing hospitalisation and surgical procedures. 
Supplementary data
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